At three locations, 120 calves were fed a high fat milk replacer at 10% of birth weight from d 5 through 13.
INTRODUCTION
Increased energy intake by calves often is desired for increased growth or maintenance of normal growth in cold weather. This increase is accomplished by additional milk or by added fat to milk or starter to increase energy density. Huber et al. (4) found that calves fed more milk consumed less starter than did calves fed less milk. Addition of tallow at 0, 2.5, 5, and 10% to limit-fed starters did not affect OMI, but improved feed efficiency (8) . When starter was fed for ad libitum intake, either 10 or 20% fat added to starter reduced intake and BW gains (13) . Calves fed starters containing 10% fat consumed 38% less DM and gained 28% less BW than calves fed starter without fat. Starters containing 20% fat reduced starter consumption and BW gains even further.
In cold climatic conditions, added fat to milk replacer (MR) has increased BW gains in calves (6, 7, 19) . Scibilia et al. (19) fed MR containing 10, 17.5, or 25% fat to calves housed at -4 or 10°C. Calves housed at -4°C gained more BW with higher fat in the MR. Amount of fat in MR did not affect BW gains of calves housed at Woe. Whole milk or MR supplemented with fat did not support starter consumption in winter higher than that of unsupplemented whole milk or MR (5) , but BW gains were greater for calves fed the fat supplement. Schingoethe et al. (18) observed that BW gains in winter were higher for calves fed additional milk than for calves fed the same amount of solids in a fat supplement. Calves receiving a starter with high percentage of fat (6%) did not differ in feed intakes, BW gains, or ratios of feed to gain compared with those calves fed low fat (2%) and raised in mild winter conditions (20) .
The objective of this study was to evaluate the performance of calves fed diets differing in energy concentration by the addition of fat through d 56 of life.
MATERIALS AND METHODS
One hundred twenty Holstein calves were used in the study and were located ( MR. Lactose contents of the high and low fat MR were 44.5 and 49.0%, respectively. Vitamin and mineral contents of the MR were similar. Starters were fed for ad libitum intake from d 14 to 56. Because of minimal consumption of starter during the first 2 wk of life (10) , starter was not offered until d 14. Starters were offered daily, and orts were measured weekly or more frequently if feed contamination occurred. Starters were formulated to contain 7.3% fat (high) or 3.7% fat (low) and 20.0% CP, DM basis. The fat source of the high fat starter was ground, roasted soybeans. Soybeans were processed in a drum roaster (Roast-A-Matic®; Lebanon, PA) to an exit temperature of 150°C and steeped for 30 min. Ingredient contents of starters are in Table I , and nutrients contents are in Table 2 . Molasses, soybean meal or soybeans, calcium carbonate, vitamin and mineral premix, and coccidiostat were pelleted before addition to the grains. Water was available free choice to calves at all locations.
Management Practice.
NWES. Twenty-four females and 16 males were raised in individual pens bedded with sunflower hulls in an indoor ventilated calf nursery that was heated in cold months. Temperature of the nursery was recorded daily at the a.m. feeding.
The experiment was initiated on March 26, 1992 and continued through October 26, 1992. Calves were fed between 0800 and 0900 h and between 1330 and 1430 h. On designated weigh days, calves were weighed prior to the a.m. feeding. When scours occurred, an electrolyte solution (Life-Guard illl ; Norden Laboratories, Inc., Lincoln, NE) was fed as needed, and MR was withheld. In addition, 4 ml of gentamicin sulfate (Fermenta Animal Health Co., Kansas City, MO) or penicillin G (Pfizer Animal Health, New York, NY) were given by intramuscular injection to calves with temperatures over 39'C or with respiratory problems. Cows were vaccinated for rota-corona viruses with ScourGuard illl -3(K)IC (SmithKline Beecham, West Chester, PA) at 3 and 2 wk prior to calving. Calves were given an oral vaccine (Calf-Guard illl ; Norden Laboratories, Inc.) if they were born prior to the second injection of the dam.
One calf died on d 31 from pneumonia and an infarction of the small intestine. Oata were not used, and the calf was replaced for the trial.
SES. Seventeen females and 23 males were raised in individual outdoor hutches bedded with straw. The experiment began March 9, 1992 and continued through September 21, 1992. Calves were fed at approximately 0800 and 1600 h. Calves were weighed prior to morning milk feeding on designated weigh days. Outdoor ambient temperatures were collected from the weather station located near the calf hutch area.
Calves were given an oral rota-corona vaccine, Calf-Guard illl , immediately after birth. Scouring calves were treated with electrolyte solution (Sav-A-CafTM; Tri-Mutual Inc., Minneapolis, MN) for a minimum of two feedings. In addition, these calves were orally given 160 mg of trimethoprin and 800 mg of sulfamethoxazole (Rugby Labs, Inc., Rockville Centre, NY) twice daily for 3 to 5 d. Milk continued to be offered during the scouring period. Calves with temperatures of~39'C were treated intramuscularly with 5 ml of penicillin (Aquacillin; Vedco, Inc., Overland Park, KS).
SP. Twenty-seven females and 13 males were raised in individual outdoor hutches bedded with straw. The experiment began on February 1, 1992 and was completed September 3, 1992. At birth, each calf received an oral rota-corona vaccine (Calf-Guard illl ) and intramuscular injections of 3 ml of vitamin B complex (Vedco, Inc., St. Joseph, MO), 3 ml of vitamins A and 03 (500,000 IU/ml of vitamin A and 75,000 IU/ml of vitamin 03; Hoffmann-LaRoche, Inc., Nutley, NJ), and 5 ml of MuSe ( Starters were sampled weekly. composited monthly by location. dried in a forced-air oven at 55·C for 24 h. and ground through a I-mm screen in a Wiley Mill (Thomas Scientific. Swedesboro. NJ). Analyses of samples included DM, CP, ether extract. and minerals (1). NDF, and ADF (3).
Jugular blood samples were drawn via vacuum tubes on d 28. 42. and 56. All samples were taken at similar times corresponding to 3 to 5 h after a.m. milk feeding. Samples were placed on ice during transport to the laboratory. After centrifugation (1100 x g for 20 min), serum was decanted and frozen for subsequent analysis of glucose (Glucose Kit Number 510; Sigma Chemical Co., St. Louis, MO) and NEFA (Wako Chemicals USA, Inc.• Richmond, VA).
Statistical Analys.s
Data were analyzed using the general linear models procedures of SAS (17 The BW on d 14 was used as a covariant in the model for all analyses except MR intake. Significance was declared at P S; .01 unless otherwise indicated. Location effects were separated by least significant difference of least squares means.
RESULTS AND DISCUSSION
The average monthly temperature for the NWES nursery ranged from 8.4·C in April to 19.6·C in August. At the SES, the lowest average monthly temperature was in March at -2.2°C. and the highest average monthly temperature was in June at 19·C. The lowest average monthly temperature of -2.4·C occurred in February at SP. and the highest average monthly temperature was in August with 19°C.
On Males consumed significantly more DM from MR than did females because of higher average birth weights than those of female calves (43.8 vs. 40.0 kg). Amounts of MR consumed did not differ among treatments or locations (Table 3) . Milk refusals for each treatment and location were minimal.
Low fat MR promoted higher starter DMI than did high fat MR through weaning. Other studies have reported similar decreases in starter DMI with additional milk or milk solids in the diet (4, 6, 7, 15 ). In addition, increased milk solids decreased intake of milk when fed for ad libitum intake (11). The MR treatment continued to affect starter DMI after weaning.
Prior to weaning, type of starter did not affect DMI; but, after weaning, calves fed low fat starter consumed more DM than calves fed high fat starter. Calves fed high fat MR consumed less starter until weaning than calves fed low fat MR. After weaning, consumption of starter by all calves increased, but those fed low fat starter consumed more starter DM than calves fed high fat starter. Miller et al. (13) found that calves receiving 10 or 20% fat (OM basis) in starter had lower DMI than calves fed a control starter with no added fat. A sex x MR x starter interaction occurred for starter DMI from d 43 to 56 (P < .02). Both males and females consumed the most starter on the LL diet, and females consumed the least on the HH diet; however, males on the HL treatment consumed less than males on the HH diet.
Prior to weaning, females consumed .55 kg/ d of starter DM compared with .50 kg/d by males. After weaning, females consumed 1.74 kg/d, and males consumed 1.68 kg/d. Location affected starter DMI before and after weaning: calves at SES and SP consumed more starter DM before and after weaning than did NWES calves; after weaning, SP calves also consumed more than SES calves. Lower intakes by calves at NWES likely were the result of differences in housing facilities, because SES and SP calves were raised in outdoor hutches, but NWES calves were housed indoors. McKnight (12) found that calves housed in hutches consumed more starter than calves in indoor facilities.
The amount of fat in MR affected average daily gain (ADG) from d 14 to 42 (Table 3) . Calves fed LL and LH gained more (P < .02) than calves fed HL and HH (.50 vs .43 kg/d). After weaning, the amount of fat in the starter affected ADG, and calves fed LL and HL gained more than calves fed LH and HH (.99 vs .89 kg/d). These data agree with those of Miller et al. (13) , who found that calves fed starter supplemented with fat gained less than calves fed unsupplemented starter. In our experiment, fat added in either the MR or the starter did not improve ADG at any of the three locations. Calves for our experiment were 2 wk old at the start of the dietary treatments, which likely allowed them to tolerate cold stress better than a younger calf would. Scibilia et al. (19) reported that 6-d-old calves, raised in a -4·C environment for 3 wk and receiving additional fat in the liquid diet (25% of DM), had higher ADG than calves receiving a low fat diet (10% of DM). However, calves in the same study (19) raised at 10·C did not benefit from added fat. Gebremedhin et al. (2) found that the thermoneutral zone of calves housed in chambers was between 15 and 29·C and observed that heat production of calves markedly increased at temperatures <soc. In the present study, temperatures in February, March, and April were below the thermoneutral range, but calves probably were not in a state of severe enough cold stress to benefit from the fat. Similarly, Stewart and Schingoethe (20) did not find an effect of a starter containing supplemental fat on intake or gain in mild winter conditions.
Health
Dietary treatment did not affect fecal score (Table 5 ) or general health. Diarrhea was the principal health problem of the calves at SES and SP. From d 14 to 28, SP calves averaged higher fecal scores than did NWES or SES calves. From d 28 to 42, SES calves had the highest mean fecal scores, which differed from NWES calves but not from SP calves. After weaning, calves at SES and SP had higher mean fecal scores than NWES calves, and scores from SP calves were higher (P < .03) than those from SES calves. Overall, calves at SES and SP had higher mean fecal scores than NWES calves. Differences among locations were associated with higher incidences of cryptosporidia infection ( Table 6 ). The location x sex interaction from d 43 to 56 was caused by 4 males at SP that exhibited diarrhea after weaning. One of these cases was diagnosed as a cryptosporidia infection, but specific organ- isms were not diagnosed for the other 3 cases.
All other calves were negative on fecal cultures for cryptosporidia on d 56.
Blood Metabolites
Concentrations of NEFA decreased from d 28 in calves throughout the study for all dietary treatments ( Table 7) . Quigley et al. (16) similarly found that NEFA concentrations declined from birth to weaning. No effect of starter was evident before weaning. Concentrations of NEFA in calves fed high fat MR were higher than concentrations of calves fed low fat at d 28 (208 vs. 143 lleqlL) and d 42 (139 vs. 106 lleqlL). By d 56, effect of MR had diminished, and starter diet affected NEFA concentration (P = .03). Calves fed high fat starter averaged 118 lleqlL, and calves fed low fat starter averaged concentrations of 72 lleqlL. A location effect was evident on d 28. Calves at NWES had higher NEFA concentrations than did SP or SES calves. The reason for this may be the difference in housing. Calves at NWES were housed in a heated nursery.
A location x MR interaction (P < .05) occurred on d 56 for NEFA concentrations because calves on the LL and LH treatments at SES had higher NEFA concentrations than calves on HL and HH treatments at SES, but, at NWES and SP, MR treatment did not affect NEFA concentrations. A location x sex x MR interaction (P =.05) affected NEFA concentrations on d 42. Concentrations of NEFA for calves fed HL and HH tended to be higher than those fed LL and LH for SP males and females, NWES males, and SES females. The interaction possibly resulted because this trend did not occur in NWES females and SES males.
Dietary treatment did not affect glucose concentrations. Glucose concentrations on d 56 were higher for females than for males (99 vs. 90 mg/loo ml). Some location effects were evident, but no diet x location interactions occurred. Two interactions, MR x starter (P < .05) and sex x MR (P < .05), for glucose concentrations were observed on d 28. Reasons for the interactions are not clear.
CONCLUSIONS
No benefit in calf growth or performance was observed from additional fat in either the MR or starter. Fat in the MR depressed DMI and DE intake of starter through weaning. (MR) and high fat starter (HH), high fat MR and low fat starter (ffi..). low fat MR and high fat starter (LH) . and low fat MR and low fat starter (ll). Prior to weaning, calves receiving low fat MR gained more than did calves on high fat MR. After weaning, fat in the starter depressed DMI but not DE intake. Calves that gained the most were fed the low fat starter. High fat concentrations in MR or starter may benefit calves in cold environments or under continuous stress, but not those in relatively mild conditions or under low stress situations. Under conditions of this experiment, MR with 15.6% fat and a starter without added fat fed after calves were 14 d of age resulted in similar or better calf performance than did MR with 21.6% fat or starter with added fat.
